In early January 1994, high temperatures, low humidity and abundant dry foliage in the New South Wales (NSW) forests provided ideal conditions for bushfires. As a result NSW suffered from the worst bushfires seen this century. Bushfires affected the northern and southern suburbs of Sydney and the Blue Mountains to the west of Sydney from 5 to 12 January 1994 creating a dense haze of smoke. Record levels of particulate air pollution were registered throughout Sydney from 7 to 14 January. This environmental disaster provided an opportunity to determine whether particulate air pollution created by bushfires was associated with an increase in asthma presentations to public hospital emergency departments (ED) in western Sydney.
Overseas and in Australia, variations in concentrations of particulate air pollution have been associated with cardiorespiratory mortality, hospital admissions and emergency presentations for asthma.
1 " 6 Only a few studies have examined the impact of specific environmental incidents (resulting in high levels of particulate air pollution) on human health. These studies have generally relied on routinely collected data for outcome measures as the unpredictable nature of such environmental incidents precludes prospective study designs. For example, increased numbers of ED presentations for asthma were seen at hospitals surrounding Mount St Helens shortly after the volcanic eruptions of May 1980. 7 In a large urban warehouse fire in California in 1988 there was a 60% increase in the proportion of ED patients with asthma during the periods of high particulate air pollution as compared with control periods. 8 A similar increase (40%) was observed following a bushfire in California in 1987. 9 In contrast, a study of the 1991 urban wildfire in California found only a small number of fire-related asthma exacerbations. 10 It is likely that asthma exacerbations were underreported in that study. Two Australian studies have examined the relationship between asthma and bushfire-generated paniculate air pollution. Although one study found an increase in asthma presentations to one of the five hospitals studied there was no correlation between daily nephelometry readings and daily presentations to ED." The second study did not find an increase in asthma ED presentations at three central Sydney hospitals during the January 1994 bushfires. 12 However, there are concerns regarding the power of these studies to detect moderate increases in asthma presentations.
In this ecological study we used routinely collected ED presentation data from seven ED in Western Sydney and Wentworth Area Health Services over two 6-week periods to determine whether the high paniculate air pollution caused by the January 1994 bushfires resulted in an increase in asthma presentations.
METHODS
The boundaries of the Western Sydney and adjacent Wentworth Health Areas defined the study area (area: 5357 km 2 , estimated population: 907 450 13 ). The landform of the study area constitutes a basin which is bounded to the west by the Blue Mountains [alt: 1100 m]. This landform combined with the characteristic afternoon easterly sea breezes and the nightly southern drainage flow results in the tendency for air pollutants to accumulate in the study area.
14 Exposure and outcome data were collected for two 6-week periods. The first period (T,), 17 December 1992-31 January 1993, was the control period. The second period (T 2 ), 17 December 1993-31 January 1994, included the week of high paniculate air pollution (Figure 1 Data on hourly temperature, humidity, wind speed, barometric pressure and total daily rainfall were obtained from three meteorological stations in the study area to control for potential interaction between these variables and asthma presentations. Outcome data were collected from all of the seven public hospital ED in the study area. Four lists of data were extracted from the ED attendance books (or computer attendance files):
List 1-The outcome factor list included the details of every person on the attendance books or computer files who presented to the ED with asthma, chronic airway limitation (CAL-including chronic bronchitis and emphysema), acute bronchitis and bronchiolitis. The three respiratory diagnoses other than asthma were added to this list to assess the potential for misclassification bias.
List 2-The non-specific diagnosis list contained every person with wheezing, shortness of breath, cough, chest tightness, dyspnoea or 'for Ventolin' as the reason for their ED presentation. List 3-The missing diagnosis list contained every person listed in the attendance books who did not have a diagnosis or presenting complaint recorded. The adult section of Westmead Hospital's ED was excluded from the analysis as the missing diagnosis rate was approximately 50%. List 4-The totals list consisted of everyone presenting to each of the ED during the two time periods. We sought the ED medical records of all the people on lists two and three. If an ED doctor had written a diagnosis of asthma, CAL, bronchitis or bronchiolitis in the medical records for that presentation, then that person's presentation was added to list one. The NSW Department of Health's Inpatient Statistics Collection (ISC) was also searched for T, and T 2 , for people admitted with asthma to each of the seven hospitals. People on the ISC but not on list one were subsequently added to list one. The data were analysed using two methods: (1) calculation of the difference in the proportion of all ED presentations that were due to asthma between time periods, (2) Poisson regression analyses.
For the first statistical analysis, January 1993 and January 1994 were divided into weekly periods ( Figure  1 ). Period t 2B was the week of the high paniculate air pollution. Each weekly period started on a Friday reducing any bias from day of the week variations in presentations to ED.
The effect of the bushfire-generated paniculate air pollution on asthma presentations was calculated as follows: (1) Difference A, the baseline change over the 12-month period, was the difference in the proportion of presentations due to asthma during the weeks surrounding the bushfire period (t 2A , t 2C , t 2D ) and the corresponding 3 weeks of the previous year (t 1A , t ic , t ID ). (2) Difference B, the increase in asthma presentations during the bushfire period, was the difference in the proponion of asthma presentations due to asthma during t 2B and the corresponding week of the previous year, t 1B . (3) The increase in asthma presentations which could be attributed to the bushfire-generated paniculate air pollution was the difference between B and A.
The numerator for these calculations came from list one and the denominator from list four. We had a power of 90% to detect a 50% increase in the proportion of all ED presentations due to asthma between two one-week periods, with a significance of 5%, one-sided (/>, = 0.0250, P 2 = 0.0375, n, = n 2 = 3500).
Similar calculations were performed for obstructive respiratory diagnoses, to determine if diagnostic misclassification may have biased the results. We defined obstructive respiratory diagnoses as including asthma, CAL, bronchitis and bronchiolitis.
Poisson regression models were fitted using the daily number of asthma and obstructive respiratory presentations to each separate hospital as the dependent variables. Independent variables included the daily maxima of nephelometry, ozone, NO 2 , temperature, humidity, barometric pressure, wind speed and the total daily rainfall from the monitoring stations closest to each hospital. Models with zero, 24 and 48 hours of lag were analysed. All six models contained indicator variables for the time period (T, or T 2 ) and hospital.
RESULTS
Twenty-eight to 44% of hourly nephelometry readings were 2=2.1 P scat during the bushfire period (7-14 January 1994), depending on the air monitoring station. Readings reached a maximum of 10.24 P scal on 9 January at station 573; on 12 January at station 919; and on 13 January at station 760. At station 148 a maximum reading of 9.61 P scat occurred on 12 January. Apart from during the bushfire period, nephelometry readings did not exceed 2.1 P scat during T 2 .
During T,, there was only one day in which the nephelometry readings were 3=2.1 P scal (21 January, 1993; 2.27 P scal at site 148 and 2.10 P scat at site 573).
The PM 10 levels exceeded the USA EPA's 24-hour standard of 150 ug/m 3 (Table 1 ) at all three stations There were no differences in the ozone and NO 2 levels between the two periods ( Table 2 ). Levels for NO 2 did not exceed the Australian National Health and Medical Research Council's (NH&MRC) guidelines (Table 1) in either 6-week period, and ozone only breached NH&MRC guidelines twice in T, and once in T 2 .
Rainfall and humidity were lower, and temperatures and wind speed higher in T 2 compared with T, (Table 3) .
Figures 3 and 4 demonstrate the daily variation in total asthma presentations (data from the first list) with the daily maximum nephelometry readings averaged over three monitoring stations. The average daily number of asthma presentations to all seven ED combined for T, is 14.1 and for T 2 is 10.7. No individual ED had more asthma presentations in T 2 than in T,. There was no obvious increase in asthma presentations corresponding with the rise in nephelometry readings from 7 to 14 January 1994. For each week in January 1994 the weekly asthma tally was less than the corresponding week in January 1993 ( Figure 5 ).
After adjusting for baseline changes, there is no significant difference in the proportion of all ED presentations due to asthma during the bushfire period (difference B = -0.0050, difference A = -0.0117, difference B-A = 0.0067; 95% CI :-0.0007, 0.0141, one-sided).
The pattern for obstructive respiratory presentations is similar to the pattern for asthma presentations. There was no increase in obstructive respiratory presentations during the period of bushfire-generated paniculate air pollution. After adjusting for baseline changes, there is no significant difference in the proportion of all ED presentations due to obstructive respiratory diagnoses during the bushfire period (difference B-A = 0.0052; 95% CI : -0.0035, 0.0139, one-sided). presenting with asthma between the two time periods (T,: 53.0%, T 2 : 52.8%). There is no change to the difference in proportions calculations for asthma when the data are limited to people aged 3=16 years (difference B-A = -0.0004; 95% CI : -0.0081, 0.0072, one-sided). In all Poisson regression models 'time period' was a statistically significant predictor of both the asthma count and the obstructive respiratory count whilst nephelometry was not (Tables 4 and 5 ). In the models with a 24-hour lag, the maximum daily humidity was a significant predictor of the daily asthma count (estimate = -0.0060, P = 0.015) and the obstructive respiratory count (estimate = -0.0076, P = 0.0004).
DISCUSSION
The period of high paniculate air pollution during and following the bushfires in January 1994 was not accompanied by an increase in asthma presentations to the seven ED in the Western Sydney and Wentworth Health Areas. These findings agree with those of Cooper et al. 12 who analysed asthma presentations to ED in central Sydney during the same bushfire period. However these results conflict with experiences in California during their 1987 bushfires.
We can discount differential measurement error as the reason for the negative findings. The total number of people in list three in T, was similar to T 2 (1290 versus 1085). The small number of ED records not reviewed, after searching the ED records of lists two and three (81 in T,; 40 in T 2 ) is unlikely to have biased the results towards the null due to the potentially small number of asthma presentations that these missed records represented.
The exclusion of data from Westmead Hospital's adult ED did not bias the results towards the null. The ISC list indicated that there were fewer adult (3=16 years) admissions for asthma at Westmead Hospital during T 2 than T, (19 versus 32) and only four adult asthma admissions occurred during the period of high paniculate air pollution. The number of adult asthma ED presentations is likely to mirror the small number of asthma admissions.
Misclassification bias, seasonal specific effects and trends in asthma presentations over time were taken into consideration in the study design and were not responsible for the negative result. The decrease in asthma presentations between T, and T 2 was not simply because less people in total (i.e. the population at risk of asthma) presented to the ED.
The overall accuracy of the written and computerized ED attendance books was high. Of 128 people sampled from the first list who were labelled in the ED attendance books as presenting due to asthma, 94% had definite or probable asthma according to the ED medical records (where probable asthma included people with a past history of asthma, who presented with wheeze and were treated with bronchodilators, but were given no diagnosis).
A lack of power was not the reason for the negative findings. We had sufficient power to detect an increase in the proportion of asthma presentations by about 50%, or six extra asthma presentations per hospital for the week of the bushfires (a = 0.05, |3 = 0.10, one-sided test). Any increase in the number of asthma presentations less than this would be clinically insignificant. Given the extensive media coverage of the bushfires around Sydney and the increased public awareness, it is possible that people with asthma stayed indoors more than usual during the week of highly visible air pollution in an attempt to reduce their exposure. Staying indoors may have reduced exposure to the paniculate air pollution by only a moderate amount however, as indoor paniculate concentrations are generally half the outside paniculate concentrations. 18 ' 19 Staying indoors would also have reduced exercise as a cofactor in the association between paniculate matter and asthma exacerbations. We know that indoor air quality influences the respiratory health of people with and without asthma. 20 ' As no measures of indoor air pollutants were included in our study, this remains a confounder of unknown size that could have biased our results towards the null. Our outcome factor, asthma presentations to ED, is a measure of more severe asthma morbidity. If the effect of the paniculate pollution on people with asthma was uniformly minimal, then it is possible that the resultant morbidity was not severe enough to warrant mass presentations to ED. Less severe asthma morbidity resulting from the bushfire pollution cannot be excluded. Different outcome factors such as the frequency of bronchodilator usage or number of presentations to general practitioners may have detected less severe asthma morbidity.
The paniculate pollution was not the only environmental variable that differed between T, and T 2 . The rainfall and humidity were lower and the temperature and wind speed higher in T 2 compared with T,. These environmental conditions, either directly, or by modifying other asthma triggers (such as pollens), could have resulted in the lower asthma morbidity seen during the bushfire period. However our Poisson regression models indicated that only humidity (with a lag of 24 hours) influenced asthma and obstructive respiratory presentations. The results suggested that lower humidity resulted in more ED presentations for asthma. It is difficult to explain this finding. There is a complex relationship between humidity and asthma morbidity. The reported effects of humidity vary depending on whether the subjects are at rest or exercising. 22 ' 23 Complicating the picture is evidence that humidity is positively correlated with concentrations of dust mite allergens and pollens, both known exacerbators of asthma. 24 -25 We found that the median age was higher for people with asthma in T 2 including the bushfire period. The bushfire generated paniculate air pollution is unlikely to be the sole cause for the increased age. It is possible that the prevailing environmental conditions during T 2 may have had a beneficial effect on children with asthma compared to adults.
The majority of high paniculate air pollution days occurred in the winter in a recent Australian study. 4 In our study the high paniculate period occurred in summer. The airways of people with asthma may be less susceptible to paniculate air pollution during the warmer months in Australia. The size and chemistry of paniculate pollution is an important determinant of its health effects. 26 It is also possible that the chemistry of the respirable particles produced by bushfires in Australia differs from that of typical urban paniculate pollution and perhaps even from bushfires in other countries. Nonetheless, we can conclude, from a public health point of view, that the high levels of paniculate pollution generated by the January 1994 bushfires did not result in an increase in severe asthma morbidity in the Western Sydney and Wentworth Health Areas.
